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-WO 00/40395 PCT/US99/24436 
METHOD AND MOLD FOR CASTING CONTACT LENSES 
BACKGROUND OF THE INVENTION 
The present invention pertains to methods for molding contact lenses, and 
especially improved mold materials for the contact lens molds in which the lenses are 
cast. 

Various techniques for molding contact lenses are known in the art, including 
static cast molding. Static cast molding involves charging a quantity of polymerizable 
monomelic mixture to a mold assembly, and curing the monomelic mixture while 
retained in the mold assembly to form a lens, for example, by free radical polymerization 
of the monomelic mixture. Examples of free radical reaction techniques to cure the lens 
material include thermal radiation, infrared radiation, electron beam radiation, gamma 
radiation, ultraviolet (UV) radiation, visible light (including blue) and the like; 
combinations of such techniques may be used. The mold assembly defines a mold cavity 
for casting the lens, including an anterior mold for defining the anterior lens surface and 
a posterior mold for defining the posterior lens surface. 

U.S. Patent No. 5,271,875, the entire disclosure of which is incorporated herein 
by reference, describes a static cast molding method that permits molding of a finished 
lens in a mold cavity defined by a posterior mold and an anterior mold. One embodiment 
described in this patent involves the use of polypropylene for the posterior mold and 
polyvinyl chloride (PVC) for the anterior mold. Curing of the lens-forming monomelic 
mixture retained in the mold cavity of the mold assembly can be achieved by free radical 
polymerization, especially, by directing UV radiation through the polypropylene 
posterior mold. One disclosed advantage of this combination of mold materials is that 
PVC of the anterior mold demonstrates a greater affinity for the cured lens material than 
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- WO 00/40395 PCT/US99/24436 
polypropylene of the posterior mold, thus ensuring that the cured lens is retained in the 
anterior mold when the mold assembly is disassembled, i.e., when the posterior and 
anterior molds are separated, the lens is selectively retained on the PVC anterior mold. 

As recognized by US 5,271,875, polyvinyl chloride represents a suitable contact 
lens mold material. However, in the method described in US 5,271,875, it is important 
that the UV radiation is directed through the polypropylene posterior mold. This is 
because polypropylene permits transmission of UV radiation therethrough, whereas UV 
radiation is not adequately transmitted through a mold made from conventional PVC 
resins. In other words, attempts to cast a contact lens in a mold made of conventional 
PVC resins result in an inadequately cured lens due to inadequate transmission of UV 
radiation through the PVC mold. The inadequate curing can lead to various problems, 
such as lenses with inconsistent quality, surface tackiness, and/or surface defects. 

It is also known to cure contact lenses by casting a monomelic mixture in a mold 
made of PVC, the mold including a surface for forming a desired anterior lens surface, 
wherein the monomelic mixture in the rotating mold is cured by exposure to UV 
radiation. In such a spincasting operation, the rotation of the mold can be controlled so 
that a desired posterior lens surface is formed. Alternately, an excess of monomelic 
mixture can be charged to the mold, and following curing of the lens-shaped article, a 
desired posterior lens surface can be lathe cut from the spuncast article. In both cases, 
the rotating mold is open from above, with UV radiation being directed to the monomeric 
mixture from above. 
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SUMMARY OF THE INVENTION 
This invention relates to cast molding of contact lenses in a mold made from a 
PVC material where radiation is directed through the PVC mold to cure the lens material. 
The PVC mold lacks UV absorbing agents conventionally added to PVC resin stabilizing 
packages. 

More specifically, the invention relates to a method for molding contact lenses in a 
mold assembly comprising a posterior mold including a molding surface for defining a 
posterior contact lens surface and an anterior mold including a molding surface for 
defining an anterior contact lens surface. A monomelic mixture is charged to the mold 
cavity between the molding surfaces of the posterior and anterior molds, and this 
monomeric mixture is subjected to radiation while retained in the mold cavity to form a 
lens. One of the anterior and posterior molds is made of polyvinyl chloride free of UV 
absorbers, and radiation is directed through the mold made of polyvinyl chloride to the 
monomeric mixture in the mold cavity. 

PVC resins conventionally include a UV stabilizer package that includes some type 
of UV absorbing agent. It was found that use of PVC resins free of such UV absorbers 
can be used to cure contact lenses, thus leading to various improvements in contact lens 
manufacture, such as lenses with reduced tackiness and improved optical quality, and 
improved lens handling by the consumer. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is applicable for molding conventional contact lenses, such 
as those commonly referred to as soft hydrogel lenses prepared from a monomeric 
mixture including at least one hydrophilic lens-forming monomer. Conventional 
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hydrophilic monomers include: hydrophilic (meth)acrylate esters, such as hydroxyethyl 
methacrylate, hydroxyethyl acrylate and glycerol methacrylate; hydrophilic N-vinyl- 
containing monomers, such as N-vinyl pyrrolidone; hydrophilic (meth)acrylamides, such 
as N,N-dimethylacrylamide; and (meth)acrylic acids, including methacrylic acid and 
acrylic acid. The hydrophilic monomer may function as a crosslinking agent, or a 
separate crosslinking agent may be employed in the monomeric mixture, such as 
ethyleneglycol dimethacrylate or tetraethyleneglycol dimethacrylate. Additionally, since 
the monomeric mixture is cured by free radical photopolymerization, i.e., exposure to a 
source of radiation such as UV radiation to induce polymerization of the lens-forming 
monomers in the monomeric mixture, the monomeric mixture will generally include a 
minor amount of a free radical polymerization initiator known in the art. If desired, the 
monomeric mixture may further include a non-reactive solvent or diluent, or other 
components known in the art. 

The monomeric mixture including a lens-forming monomer is charged to a mold 
cavity defined between lens molding surfaces of the anterior and posterior molds. At 
least one of these molds is made from PVC, and polymerization-inducing radiation, 
preferably UV radiation, is directed through this mold. This PVC mold is free of UV 
absorbing agents, including those conventionally included as part of the PVC resin 
package, so as to permit the lens material to be more completely cured by the 
photopolymerizing radiation. Alternately, both the anterior and posterior molds are made 
of the PVC resin free of UV absorbers, with UV radiation being directed through the 
posterior mold to the monomeric mixture retained in the mold cavity. 

Commercial PVC resins generally include a stabilizing agent such as a UV 
absorber to prevent the molded product from yellowing, or otherwise deteriorate from 
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weathering, due to exposure to ambient UV radiation . Examples of stabilizers 
conventionally included in PVC resin packages are phenols, phenolic derivatives and 
benzotriazoles. 

An advantage of the present invention over the aforementioned method described 
in US 5,271,875 is that both the anterior and posterior molds can be made from a PVC 
resin without restrictions as to the location of the radiation source. Additionally, 
thermoplastic resins such as polypropylyene have a greater tendency than PVC to absorb 
oxygen. As disclosed in US Patent No. 5,681 ,510, dissolved or free oxygen in the 
contact lens mold can migrate to the interface between the molding surface of the contact 
lens mold and the surface of the lens, inhibiting free radical polymerization of the lens- 
forming monomer (thus affecting quality of the lens surface at this interface) and/or 
increasing tackiness of the lens surface (thus making the lens more difficult to handle by 
a consumer). However, this invention makes possible employing only PVC molds, 
whereas the problems attributed to oxygen transfer from the thermoplastic molds to the 
cast lenses are avoided. 

The following examples serve to illustrate the invention. 

EXAMPLE 1 

Cast molded lenses were made generally following the procedure in US 
5,271,875, except the posterior mold was made with PVC absent any UV stabilizer. This 
custom-made PVC resin was obtained from Georgia Gulf and injection molded into 
contact lens molds using conventional injection molding methods. A monomelic 
mixture composed mainly of 2-hydroxyethyl methacrylate was charged to the molding 
surface of the anterior mold and the posterior mold was placed thereon to form a molding 
cavity. UV light was directed through the posterior mold to cure the lens-forming 
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mixture in the mold cavity. Following curing, the posterior and anterior molded surfaces 
were disassembled; the lens remained with the anterior mold. The lens was then 
hydrated to facilitate removal from the anterior mold. 

A test was developed to determine the tackiness or self-adherence of the posterior 
side of the contact lens to the molding surface of the posterior mold. The lens is folded 
in half so that the posterior lens surface lies upon itself. The folded lens is then placed 
between a pair of glass cover slips. A weight is placed on top of the cover slip, leaving a 
portion of the folded edges outside the cover slips for attachment. The weight is applied 
for 2 minutes. The lens is removed from the cover slips and cut into a strip, leaving the 2 
mm free edge section at the end of the strip. The free edge sections are taped with Teflon 
tape and clamped into the Instron Tensile Tester grips with one taped edge on the upper 
grip and the other taped edge on the lower grip. With the sample between the grips, the 
testing area of the Instron is immersed in a hydration tank and the sample is allowed to 
hydrate for 5 minutes. The force required to separate the two lens strips is then 
determined at the following conditions: Crosshead speed - 6.4 mm/min, Load cell - 254g, 
Gauge length - 5 mm and Sample width - 5 mm. The average peel strength for the 
sample is calculated and an average of 10 samples is reported. 

For cast molded lenses made with anterior and posterior PVC absent UV 
stabilizer molds, 0.04 g/mm of pressure was required to separate the posterior lens 
surfaces. 
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COMPARATIVE EXAMPLES 



Following the general test procedure set forth above, additional lenses were made with 
the following results: 



Example Number 


Process 


Posterior Mold 
Material 


Pressure Required to 
Separate Posterior 
Lens Surfaces 


CI 


Spin Cast/Lathe 


None 


0.04g/mm 


C2 


Cast Mold 


Polypropylene 


0.25g/mm 


C3 

• 


Cast Mold 


Degassed 
Polypropylene 


0.04g/mm 



CI represents an average of 1 0 lenses made from by the method previously 
described as spin casting. Using a PVC anterior mold, the mold surface is charged with 
excess monomer mixture and rotated while exposing the mixture to UV radiation to cure 
the mixture. Following curing, the posterior lens surface is then lathe cut. The 
combination of spin cast/lathed (CI) illustrates lenses that have a posterior surface which 
are completely cured without being exposed to a mold material with high oxygen 
content. 

C2 represents the same average of 10 lenses cast molded, as in Example 1, with a 
posterior mold made of polypropylene and an anterior mold made of conventional PVC 
resin, with UV radiation being directed through the polypropylene posterior mold. 

C3 also represents an average of 10 lenses. The posterior mold material was 
polypropylene and the anterior mold was PVC as in C2. However, the polypropylene 
molds were treated as described in US 5,681,510. 

The results of the testing indicate that that lenses cast molded with a PVC 
posterior mold absent stabilizer (Example 1) require the same amount of force to separate 
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the lens surface as those lenses made from the combination of spin cast/lathed (CI) and 
those made with a degassed polypropylene posterior mold (C3). 

The result of this data indicates that the posterior lens surface of Example 1 
lenses did not stick together when folded over on itself, even under pressure. The use of 
PVC without UV stabilizer requires no special treatment of the material or molds as with 
the degassed polypropylene material of US 5,681,510. 

The present invention is not limited to the embodiments specifically disclosed 
herein. Many other modifications and variations of the present invention are possible to 
one skilled in the field in the field in light of the teachings herein. It is therefore 
understood that, within the scope of the claims, the present invention can be practiced 
other than as herein specifically described. 
We Claim: 
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CLAIMS 

1 . A method for molding contact lenses in an assembly, the mold assembly 
comprising a posterior mold including a molding surface for defining a posterior contact 
lens surface and an anterior mold including a molding surface for defining an anterior 
contact lens surface, comprising: 

charging a monomelic mixture to a mold cavity between the molding surfaces 
of the posterior and anterior molds, and subjecting the monomelic mixture to UV 
radiation while retained in the mold cavity to form a lens, 

wherein one of the anterior and posterior molds is made of polyvinyl chloride 
free of UV absorbers, and UV radiation is directed through the mold made of polyvinyl 
chloride to the monomeric mixture in the mold cavity. 

2 . The method of claim 1 , wherein both the anterior and posterior molds are 
made of polyvinyl chloride free of UV absorbers, and UV radiation is directed thought 
one of the molds to the monomeric mixture in the mold cavity. 
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